Suitable broccoli nutrition has a great impact on curd yield and quality. There for two field experiments were carried out during the two successive winter seasons of 2013-2014 and 2014-2015 at the experimental station, Faculty of Agriculture, Mansoura University to study the effect of nitrogen and boron fertilization on yield and quality of broccoli. The experiment layout was split plot in a completely randomized block design arranged in three replications. Nitrogen fertilizer rates (i.e.; 60, 70, 80 and 90 kg per fed.) were present in the main plots, while boron treatments (0.4, 0.8 and 1.2 kg per fed.) were assigned in the sub plots. The results showed that the interaction between N and B was significant on vegetative growth parameters (i.e.; plant height, leaves area, leaves fresh weight, leaves dry matter percent), leaves mineral content such as N, P and K. Curds yield and its physical quality parameters (i.e.; curd weight, curd diameter and curd dry matter percent), curds chemical quality parameters (i.e.; Vit. C, T.S.S., chlorophyll a, chlorophyll b, carotenoids, N, P, K and nitrate content). On contrast the leaves number, curd length (cm) and curd compactness index were not significantly affected. The combination between nitrogen at 70 kg and boron at 0.8 kg per fed. was the most effective treatment, Since it recorded the highest values of all measured parameters and the lowest nitrate content in both seasons. On contrary, the highest level of nitrogen 80 or 90 kg with high rate of boron 1.2 kg per fed. gave the lowest values of curd yield and quality parameters.
INTRODUCTION
Broccoli ( Brassica oleracea var. italica, L) is important crop belonging to the family Braassicaceae. It is a delicious vegetable and more nutritious than any other vegetables of the same genus. Also, It is one of the uncommon winter vegetables in Egypt because the lack of awareness regarding its appropriate method of production technology and nutritive value. Since, it contain 3.3 % protein and has a high content of vitamin C, A, niacin, thiamine, riboflavin, calcium and iron. Also broccoli contains high concentrations of carotenoid, which are believed to have preventative qualities with regards to human cancer (Kirsh et al., 2007) .
Broccoli curds compose of hundreds of immature floret arranged in whorls on a fleshy stem and each floret consists of an immature flower enclosed within chlorophyll containing sepals (Page et al., 2001) . Therefore, broccoli is high in chlorophyll and the plants need a large amount of nitrogen for its photosynthesis activities. Soils of Egypt are calcareous and poor in organic matter, So the application of nitrogen fertilizer is necessary to achieve the best curds yield and quality (Zaki et al., 2012) . Also, alkaline soils are caused micronutrient deficiency such as boron. It is essential for plant growth and development. Its application to the soil increased curds yield and its quality component (Moniruzzaman et al., 2007) .
The scientific researches show that application of optimum dose of nitrogen and boron decrease curd rot and hollow stem of broccoli and increase macronutrient and micronutrient concentrations such as nitrogen, phosphorus, potassium, iron and zinc in broccoli curd which are useful and necessary for human's health (Yoldas et al., 2008) .
In a view of the previous situation the present study was to investigate the effect of different levels of nitrogen and boron on yield and quality maximization of broccoli.
MATERIALS AND METHODS
Two field experiments were carried out during the two successive seasons of 2013-2014 and 2014-2015 at the experimental station, Faculty of Agriculture, Mansoura University. The investigation was aimed to study effect of nitrogen rates (60, 70, 80 and 90 kg per fed.) and boron rates (0.4, 0.8 and 1.2 kg boron per fed.). Soil samples were collected at random before planting from the top layer (0-30 cm depth) for physical and chemical analysis. Soil analysis is presented in Table 1 . Nitrogen as ammonium nitrate (33.5 %) was added at two equal dose at the first and the second irrigation time. Broccoli transplants (cvs. Heraklion H) 45 days old were transplanted on 2 ed and 5 th of November during both seasons, at 0.5 m apart on one side of ridge that is 3.0 m long and 0.70 m wide. Each plot included five rows, experimental unit area was 10.30 m 2 .
Experimental design:
A complete randomized blocks design with three replicates was carried out in a split plots experiment, nitrogen rates were located in the main plots, whereas the boron levels were assigned in the sub plots.
Measurements:
A random sample of five plants was taken from each experiment treatment 80 days after transplanting and the following data were recorded during the two seasons.  Vegetative growth characters:
Plant height (cm), leaves number per plant, leaves area (cm 2 ) per plant, leaves fresh weight (g per plant), leaves dry matter percentage.  leaves mineral content: N, P and K were determined in the dried leaves according to A.O.A.C. (1990) .  Curds yield and its physical quality:
Curd weight (g), curd length (cm), curd diameter (cm), curd compactness index (curd weight / curd diameter), curd dry matter percentage, curds yield (ton / fed.).  Curds chemical quality:
Vitamin C, T.S.S., chlorophyll a, chlorophyll b, carotenoids, N, P, K and NO 3 . All chemical quality parameters were determined according to A.O.A.C. (1990) .
Statistical analysis:
The data of the experiment was tabulated and subjected to statistical analysis according to Snedecor and Cochran (1980) and the mean differences among the treatment means were evaluated by the least significance difference (LSD) at 5 % level of probability.
RESULTS AND DISCUSSION
 Vegetative growth characters:
The obtained data in Table 2 reveale that the broccoli vegetative growth characters (i.e.; Plant height, leaves number, leaves area, leaves fresh weight and leaves dry matter percent) by the nitrogen and boron levels were significantly affected except the leaves number per plant. The highest plant height was noticed by using nitrogen 70 kg with 1.2 kg boron per fed. but the lowest value were recorded with combination of 90 kg of nitrogen and boron at 0.4 kg per fed. in the both seasons.
The highest leaves area and leaves fresh weight values were produced in both seasons by using nitrogen 70 kg and boron 0.4 kg boron per fed. in the two seasons of the study and the lowest value were recorded by 90 kg of nitrogen and boron at 0.4 kg per fed.. Also, the highest values of leaves dry matter percentage were achieved by combined effect of nitrogen at 70 kg and boron at 1.2 kg per fed., but the lowest data was obtained at 80 and 1.2 kg of nitrogen and boron per fed., respectively in the two studied seasons.
In current study, low or moderate level (60 or 70 kg) of nitrogen in combination with boron considerably improved the growth performance of broccoli. Significant values of plant height, leaves area, leaves fresh weight and leaves dry matter percentage were acquired with nitrogen application due to of quick and vigorous growth of shoot and root development. In fact, nitrogen stabilizes the carbon assimilation and mineral acquisition through source sink relationship, nutrients and water supply. Also, plants which treated with nitrogen grows quickly and retain maximum vegetative growth by means of higher canopy area development, CO 2 exchange rate and photosynthetic capacity (Tone, 2006) . The positive effect of boron on the enhanced the previous characters was considered due to higher photosynthetic efficiency in plants by increased metabolic activities. Biosynthesis of cell wall, cell division, carbohydrates transport and activating some hormones (Nadian et al., 2010) . Also, Asad et al. (2003) showed that the application of B increased root growth and leaves dry weight of sunflower plants.
On the contrary, The higher doses of nitrogen more optimum do not improve growth parameters and this may be due to excessive nutrients lead to adverse effects on plant growth, increase the potential for environmental contamination due to leaching and increasing salinity (Ouda and Mahadeen, 2008) . The previous results are in agreement with those found by Moniruzzaman et al. (2008) El-Helaly (2012), Raj et al. (2013) , Abd El-All (2014), Singh et al. (2015) , Islam et al.(2015) on broccoli. Table 3 show that there were significant differences in N, P and K percentage in leaves of broccoli by using different nitrogen and boron levels in the two seasons of study. However, the best values of N and P percentage were produced by nitrogen at 70 kg and boron at 0.8 kg per fed., but the highest values of K percentage in leaves was recorded with nitrogen at 80 kg and boron at 1.2 kg per fed.. On contrast the lowest amounts of N, P and K percentage in the both seasons were recorded with nitrogen at 60 kg and boron at 0.4 kg per fed., similar trend was observed by Hossein (2008) . Table 4 clearly show that there are significant differences in curd weight, curd diameter, curd dry matter percentage and curds yield. The highest values of these characters were recorded at 70 kg of nitrogen and boron at 0.8 kg boron per fed., but the lowest values of curd weight, curd diameter and curd yield were achieved with combination of 90 kg of nitrogen and boron at 0.4 kg boron per fed., the lowest curd dry matter percentage was noticed with nitrogen at 80 kg and boron at 0.8 kg per fed., Combinations of nitrogen and boron at all different rates statistically did not affect curd length and curd compactness index of broccoli (Table 4) in the two seasons.
The obtained increase in curd weight, curd diameter, curd dry matter percentage and curd yield with low or moderate level of nitrogen (60 or 70 kg) in combination with all boron levels can be attributed to the fact that the increase in level of nitrogenous fertilizers produces more vegetative growth of the plant (Table 3 , 4) which in turn to higher leaf area and therefore, the photosynthetic area get increases. Also, increasing in N levels, higher rate of assimilation and ultimately more synthesis of carbohydrates and their translocation to the storage organ i.e. flower head occurs. These results are in conformity with the findings of Abou El-Magd (2010), Raj et al. (2013) and Abou El-Magd (2015) on broccoli.
The positive effect of boron on enhanced curd yield and it is component was considered due to higher photosynthetic efficiency in plants by increased metabolic activities. Its initial supply also diminishes the lignification, due to which plant cells endures to grow exclusively at tips with elongation of hypocotyl and epicotyls (Shekhawat and Shivay, 2012) . Improvement in curd diameter, has also been anticipated by nitrogen and boron because of its role in chlorophyll and nucleic acid synthesis, cells differentiation and elongation turgidity and lignin biosynthesis (Hellal et al., 2009) . The probable reason for the decrease in curd yield and it is component after 70 kg N per fed., may be due to that excessive applied fertilizer decreased vegetative growth parameters ( Table 2 , 3) which in turn affected curd yield and it is component.
The previous results are in agreement with those found by Hussain et al. (2012) , Abd El-All (2014), Abou El-Magd et al. (2015) , Singh et al. (2015) and Islam et al. (2015) on broccoli.  Curds chemical quality parameters: Data presented in Table 5 showed that there are significant differences in Vit. C, T.S.S., chlorophyll a, chlorophyll b and carotenoids contents by using different combinations of nitrogen and boron in the two seasons of study. However, the highest Vit. C values were achieved with application nitrogen 70 kg and boron 0.8 kg per fed.. On the contrary, the lowest values of Vit. C in broccoli curd were found by the application of nitrogen at 80 kg and boron at 1.2 kg per fed.. Also, application of 70 kg of nitrogen and 0.4 kg boron per fed. gave the highest T.S.S. values but the lowest values were recorded with 90 kg of nitrogen and 1.2 kg boron per fed..
Vitamin C is one of the most important nutritional components in broccoli as well as in many other horticultural crops. The concentration of vitamin C in fruits and vegetables can be influenced by various factors such as cultural practices. The vitamin C concentration inversely correlated with the nitrogen supply in white cabbage, crisphead lettuce and potato tubers (Lee and Kader, 2000) .
Our study bolsters the evidence that the concentration of ascorbic acid (the dominant form of vitamin C) in broccoli floret and stem decreased with the increased nitrogen supply above 70 kg. These results were in accordance with those reported by Chao et al. (2010) , Abd El-All (2014) and Slosar et al. (2016) on broccoli. Regarding curds pigments, data presented in Table 5 illustrate that nitrogen at 60 kg and boron at 1.2 kg per fed. gave the highest values of chlorophyll a, chlorophyll b and carotenoids content. On contrast, the lowest amount of chlorophyll a, chlorophyll b and carotenoids contents in curd of broccoli were recorded by using nitrogen at 90 kg and boron at 1.2 kg per fed..
In current study, low or moderate level (60 or 70 kg) of nitrogen in combination with boron considerably improved curds chemical content performance of broccoli. The improved chlorophyll contents might be attributed to the fact that N is a constituent of chlorophyll molecule. Moreover, nitrogen is the main constituent of all amino acids in proteins that acting as a structural compounds of the chloroplast. Similar results were obtained by Ouda and Mahadeen (2008) , Hossein (2008) and El-Helaly (2012) on broccoli.
As for N, P and K percentage in tissue of broccoli curds, results in Table 6 show that the maximum values of N, P and K percentage were achieved by using 70 kg of nitrogen and 0.8 kg per fed. The lowest values of N percentage was recorded at 90 kg of nitrogen and boron at 0.4 kg per fed. On the contrary, the lowest amount of P and K percentage were obtained with nitrogen at 60 kg and boron at 0.4 kg per fed.. Also, in this respect Moniruzzaman et al. (2007) mentioned that nitrogen conversion to nitrate in soil and nitrate absorption by roots make negative charge in root cells and the plants for equilibrium charge in cells proceed to the cation absorption. Therefore absorption of potassium and phosphorus increase. These results are in harmony with the findings of the El-Helaly (2012), Abd El-All (2014), Islam et al. (2015) and Slosar et al. (2016) on broccoli.
Concerning nitrate content in tissue of broccoli curds, data in Table 6 revealed that the maximum nitrate content was obtained from nitrogen fertilizer at 90 kg with 1.2 kg boron per fed.. On contrast, the lowest amount was recorded by using nitrogen at 60 kg and boron 0.4 kg per fed. in both seasons.
The increased nitrate accumulation in vegetable as a result of nitrogen fertilization was showed in various studies. Babik and Elkner (2002) stated that increasing level of nitrogen fertilization (100, 200, 400 and 600 kg N ha -1 ) tended to the statistically significant increase of nitrate content in broccoli florets, Our results are in line with those obtained by Ouda And Mahadeen (2008) and Slosar et al. (2016) of broccoli. 
CONCLUSION
From the above results, it can be concluded that the combination between nitrogen at 70 kg and boron at 0.8 kg per fed. was the most effective treatments, since it recorded the highest values of yield and quality parameters and the low nitrate content at save degree in both seasons. Therefore can be recommended its as the better dose of N and B fertilizer for increasing yield and quality of broccoli under similar conditions.
